UAVs (Unmanned aerial Vehicles) can acquire images easily without large cost. For this reason, use of UAV is spreading to diverse fields such as orthoimages and DEM/DSM production. The spatial resolution of images is usually expressed as a GSD (Ground Sampling Distance). The GSD from UAV has higher performance than other platforms such as satellites and aircraft because it shoot at low altitude. However, blurring and noise may occur on UAV images due to the weather and the stability of UAV. However, since the GSD from UAV cannot sufficiently meet the spatial resolving power of the actual image system, a criterion for determining the spatial resolution of image is needed. Therefore we emphasize that the quality of the image needs to be analysed. Actual performance indicators such as GRD (Ground Resolved Distance) and NIIRS (National Image Interpretability Rating Scales), which can be measured through image analysis, are representative examples of image quality interpretation. It is possible to extract NIIRS form image quality related parameters such as MTF (Modulation Transfer Function), RER (Relative Edge Response) and SNR (Signal to Noise Ratio). In this paper, we aim to apply the Edge analysis method to UAV and to analyse the result. The analysis result showed that while GSD and NIIRS were highly dependent to imaging altitude, GRD and image sharpness showed optimal altitude ranges. The exact optimal range varied between images taken at different weather conditions. While we need a further study, this may indicate that edge analysis may provide an optimal operational altitude range suitable for the sensors.
INTRODUCTION
Along with the development of optical systems, various types of images are actively being distributed through various platforms such as aerial, satellite and UAVs (Unmanned aerial Vehicles). Accordingly, techniques for extracting and utilizing various information using various are developing, and a need for a scale for judging the quality of the image is also emphasized. In particular, UAV can acquire high quality images with high spatial resolution. For this reason, UAV are being used in various fields such as construction, agriculture, forestry, and disaster. However, the blurring or noise of the image may appear on the UAV due to weather or stability at the time of shooting. Also, the gap between the model of the UAV and the digital camera used is affected. In case when the image of the UAV is unclear about the image quality, acquisition and mapping of accurate three-dimensional information have a great influence on the work.
The spatial resolution of an image is usually expressed as GSD (Ground Sampling Distance). However, since the GSD of the unmanned airplane image does not indicate the level of spatial resolution capability of the real image system, a criterion for determining the resolution of the image is needed. In photogrammetry, the quality inspection of optical images is generally performed by edge analysis of acquired images.
In this case, MTF (Modulation Transfer Function), SNR (Signal to Noise Ratio) and GRD (Ground Resolved Distance) are the main quality factors to be calculated through the edge analysis, so that it is possible to grasp the performance represented by the actual platform and to find a suitable post-processing task when there is a problem. These quality factors are usually measured from artificial targets specially designed for edge analysis. These artificial targets are classified into various kinds according to the type of quality factor to be measured and the measurement method. The target mainly used for the edge analysis is like a tent of a black and white pattern having a specific reflectance difference.
In previous studies, various parameters such as NIIRS (National Image Interpretability Rating Scales), RER (Relative Edge Response), SNR, MTF and GRD were extracted using edge analysis algorithm and image quality analysis was performed using the extracted factors (Kim et al., 2010; Kim et al., 2011) . In this paper, we apply the edge analysis method applied to satellite image quality test to UAV image and analyze the result. Actual performance indicators such as GRD and NIIRS, which can be measured through image analysis, are representative examples of image quality interpretation.
Unlike individual quality factors such as MTF, SNR, or GSD, NIIRS can represent the overall quality of an image and is a widely used quality indicator of metadata that is widely available as high-resolution satellite metadata such as IKONOS or QuickBird.
GRD is a representative index that can represent the resolution of an image. It is defined as the minimum distance between two objects identifiable in the image. It can be directly related to the interpretation or resolution of the image. Figure 1 shows the process from image acquisition to Edge analysis for image quality analysis. In this paper, image quality analysis was performed through the process of establishing a photographing plan, image acquisition using Drones and the analysis of calculated parameters. 
EXPERIMENT PROCEDURE

Establish a photographing plan
In the establishing a photographing plan stage, we set up a shooting plan for the acquisition of images, and selected shooting areas, image sensors, and artificial targets for image analysis. For image acquisition, we selected a wide playground to shoot only artificial targets and the image sensor used was Sony A5100.
Sensor SONY A5100
Type EO
Focal Length 20mm
Resolution 6000 x 4000
Sensor Dim 23.5x15.6mm Table 1 . Image sensor specifications
Image acquisition was performed three times in total. The first and the second were acquired in the same place during the acquisition of three images. We were targeted artificial targets for accurate edge analysis. Target   Table 2 . Artificial target for edge analysis
Image acquisition using Drones
Rotor wing drones are capable of vertical takeoff and landing. It is also free to redirect and suitable for acquiring images at desired altitude and specific locations. In this experiment, we used a domestic rotor model to acquire the images at different altitudes. The images were acquired up to 150m in intervals of 10m, and the GSD by altitude was calculated using Equation (1) for image quality analysis. The Pixel_size is one pixel size in the image, H is the altitude and f is the focal length of the sensor. 
Edge analysis
In order to analyze the UAV image quality, the software originally developed for satellite images was applied to the UAV image. This software has shown that it can be applied not only to artificial artifacts but also to natural artifacts through previous researches (Kim, 2010; Kim, 2011) . The software allows manual, semi-automatic extraction of edge information. Using this, NIIRS, GRD, SNR, RER and MTF were calculated. However, the edge points were extracted only for artifacts with clear brightness values for accurate image quality analysis.
Calculated parameter analysis
ESF (Edge Spread Function) can be estimated by edge analysis of images. The LSF (Line Spread Function) can be estimated by differentiating the ESF, and then the MTF can be calculated by Fourier transforming the LSF. Image quality parameters RER, SNR, MTF and GRD were calculated and analyzed by edge analysis.. Figure 3 . ESF, LSF and MTF Using the parameters calculated by this software, NIIRS was calculated. NIIRS can be calculated by using GIQE (General Image Quality Equation) in Equation (2) (Leachtenauer et al., 1997) . The higher the value, the sensor is excellent in performance. Table 4 . Coefficient by GIQE version
The GRD of the image is defined as a relation between the shooting distance, the camera focal length, and the system resolution as shown in Equation (3) (Campbell et al, 2002) .
In this case, R is the system resolution, which means FWHM (Full Width at Half Maximum) indicating the width of the LSF curve. H is the imaging height of the image, and F is the focal length of the camera.
EXPERIMENTAL RESULTS AND ANALYSIS
Visual inspection
The image acquisition was performed three times in total. From the images acquired during the first shot, we could hardly extract the edge points from the image even at low altitudes due to very cloudy weather and erroneous camera settings. Figure 4 show the images from the first time at an altitude of 20m. It can be confirmed by visual inspection that most of the first drone shot images were blurred and the overall brightness was dark. It was a sunny day at the second shooting and a cloudy day at the third shooting. As a result of the visual inspection, the images were clearer the first one. We could confirm that the third time drone shot images were a little darker because there was a lot of clouds at the time of shooting. Figure 6 . Artificial targets for edge detection
Edge detection for image analysis
For image quality analysis, edge is detected at a point where the boundary of brightness is clear as shown in Figure 6 . The ESF and LSF graphs are estimated through the detected edges as shown in Figure 8 and 9, and the image quality parameters are calculated. Figures 8 and 9 show graphs of the largest and smallest values of GRD in each table below (the yellow rows). The image quality was measured from individually estimated ESF through edge detection and averaged.
Image quality analysis
An artificial target was installed in the target area to acquire images of altitude at intervals of 10M and we calculated the parameters for image quality analysis. The difference between SNR, MTF and GRD values in Table 5 and 6 is large. This is considered that the weather during the flight test was very cloudy with large humidity and no sun light at third drone shot. These values are considered to be highly weather dependent. In the case of NIIRS, it can be seen in both tables that the value changes constantly according to altitude. This is due to the property that there are significant effects of the value of GSD in the NIIRS formula. The GSD is much better than the satellite image if the image is taken at low altitude using the drone. Because of this effect, NIIRS index was calculated to be as high as 9-11. In the both tables, it can be seen that GRD pixels are better at 30 ~ 100m than 10 ~ 20m. Both graphs in the Figure 6 show relatively high pixel values at 10m ~ 20m, but then show a nearly flat appearance. This suggests that there is an optimal altitude using drones for image acquisition. Above 100m, blurring was severe and edge detection was difficult, so image analysis was impossible. 
CONCLUSION
In this paper, the edge analysis method originally developed for satellite image was applied to UAV image to analyze image quality. To obtain reliable data, only artificial targets with clear brightness values were used. In the previous research, RER, SNR, MTF, NIIRS and GRD image quality parameters were calculated from artificial targets using self-developed software (Kim et al., 2010; Kim et al., 2011) . Unlike satellite image cases, image quality analysis using natural targets could not be attempted. Image quality analysis with artificial targets were affected greatly by many environmental factors.
Experiment images were acquired through a total of three times. The values of RER, SNR, MTF, and GRD were significantly different between images taken on the cloudy day and the sunny day. These values are believed to affect the weather. While the GSD and NIIRS values were depending on the altitude, GRD values in pixel were not. GRD, which represents image sharpness, showed a certain optimal range. The exact optimal range varied between images taken at different weather conditions. For the second image, which was experimented in the sunny weather, GRD was the best in the 30-80 m range rather than the low altitude range of 10-20 m. The results of visual analysis were also similar. This implies that there is an altitude at which an optimum image can be obtained for each sensor and that edge analysis may be used to find such optimum range. The significance of this paper is that edge analysis can be applied to UAV image quality analysis. In the future, we plan to construct various shooting environments considering camera distortion and analyze image quality using various sensors.
